Objective. Acute mesenteric ischemia (AMI) is a rare but serious complication after cardiac surgery. The aim of this retrospective study was to evaluate the incidence, outcome, and perioperative risk factors of AMI in the patients undergoing elective cardiac surgery. Methods. From January 2005 to May 2013, all patients who underwent cardiac surgery were screened for participation, and patients with registered gastrointestinal complications were retrospectively reviewed. Univariate analyses were performed. Results. The study included 6013 patients, of which 52 (0.86%) patients suffered from AMI, 35 (67%) of whom died. The control group (150 patients) was randomly chosen from among cases undergoing cardiopulmonary bypass (CPB). Preoperative parameters including age ( = 0.03), renal insufficiency ( = 0.004), peripheral vascular disease ( = 0.04), preoperative inotropic support ( < 0.001), poor left ventricular ejection fraction ( = 0.002), cardiogenic shock ( = 0.003), and preoperative intra-aortic balloon pump (IABP) support ( = 0.05) revealed significantly higher levels in the AMI group. Among intra-and postoperative parameters, CPB time ( < 0.001), dialysis ( = 0.04), inotropic support ( = 0.007), prolonged ventilator time ( < 0.001), and IABP support ( = 0.007) appeared significantly higher in the AMI group than the control group. Conclusions. Prompt diagnosis and early treatment should be initiated as early as possible in any patient suspected of AMI, leading to dramatic reduction in the mortality rate.
Introduction
Abdominal complications after CPB for cardiac surgery are seen with an incidence of 0.4-2.9%, and acute mesenteric ischemia (AMI) represents 10%-67% of these complications [1] [2] [3] [4] . Although infrequent, it is one of the serious complications of cardiac surgery characterized by extremely high mortality rates (40% to 94%). This is attributed to delayed diagnosis and ineffective treatment choices [5] [6] [7] .
There is a risk of delayed diagnosis and treatment because such patients are often intubated and sedated, and, therefore, they are unable to alert the clinician about their symptoms and the intestinal ischemia may not become clinically evident until hours or days.
There are four common causes of AMI: acute embolism to the superior mesenteric artery, acute thrombosis of an atherosclerotic plaque with previous partial occlusion, splanchnic vasoconstriction leading to low flow and regional ischemia that is called nonocclusive mesenteric ischemia (NOMI), and mesenteric venous thrombosis [8] .
Intestinal ischemia after cardiac surgery most often is due to a NOMI, and it is related to a reduction in the splanchnic blood flow, which can be due to low cardiac output, and it may also be aggravated by inotropic support, such as vasopressors, and by preexisting atherosclerosis [9, 10] . The ischemia due to arterial emboli, arterial thrombosis, or venous thromboembolism is less commonly seen after CPB [11] .
There are many demographic and surgical variables seen as risk factors for intestinal ischemia after CPB, such as arterial hypotension, postoperative heart failure, renal insufficiency, age >70 years, hypovolemia, cardiopulmonary 2 The Scientific World Journal bypass time >150 min, New York Heart Association (NYHA) class III-IV, active smoker, sepsis, IABP support, use of vasopressors, and preexisting atherosclerotic lesions [12, 13] .
The clinical presentation of AMI can be misleading, while the laboratory and radiological diagnostic tests often produce inadequate results. Plain abdominal radiographs are of little help in the diagnosis of mesenteric ischemia. Multidetector computed tomography angiography (CTA) represents a fast and accurate investigation tool for the diagnosis of AMI. Angiography is the gold standard diagnostic test in acute mesenteric artery occlusion, providing both anatomical visualization of the vessels and therapeutic options [14, 15] .
When a diagnosis of AMI is made, treatment should be initiated without delay. Survival is directly related to the degree of bowel ischemia and the extent of bowel resection, but the diagnosis time of AMI is much more important.
The aim of this study was to investigate the incidence of AMI after cardiac surgery and to identify risk factors, therapeutic options for the disease, and patient outcome.
Methods
We performed a retrospective analysis on 6013 consecutive patients undergoing CPB for open heart surgery, between January 1, 2005, and May 31, 2013. We excluded patients who had coronary artery bypass grafting (CABG) without extracorporeal circulation, patients younger than 20 years old, and patients operated on for type I aortic dissection. A total of 52 (0.86%) patients had intervention due to mesenteric ischemia, based on clinical and/or laboratory and/or radiological findings. In order to assess probable relationships between such findings and AMI, a control group consisting of 150 patients was randomly chosen from among the rest of the CPB patients.
CABG ( = 4338) was the most common procedure, followed by various heart valve procedures ( = 1290), CABG and heart valve procedures combined ( = 235), and various procedures, for example, postinfarction septal rupture, ascending aortic aneurysm, adult ventricular septal defect (VSD), or atrial septal defect (ASD) ( = 150).
The patient record form contained 20 preoperative and 11 intra-and postoperative data defined according to EuroSCORE and previously described risk factors for development of gastrointestinal (GI) complications in the literature [16] .
Demographic and clinical characteristics of the patients and preoperative and postoperative data between patients with and without intestinal ischemia are compared in Tables  1 and 2 .
Prolonged ventilator time was defined as the use of a ventilator for more than 24 h after cardiac surgery. The need for inotropic support was registered if the patient required one or more inotropic drugs, for example, norepinephrine, dobutamine, and dopamine, for more than 24 h. Postoperative renal failure was defined as a serum creatinine level of above 2 mg/dL. Intestinal ischemia was defined as ischemia diagnosed at endoscopy, abdominal surgery, or mesenteric angiography. Cardiac infarction was defined as elevation of cardiac enzymes or electrocardiographic changes after the cardiac operation.
Mesenteric angiography was performed when the nonspecific clinical signs of AMI (oliguria, unexplained metabolic acidosis with elevation of lactate levels, high anion gap, decreased oxygenation, or hypotension) with or without peritoneal signs were present. The method of mesenteric angiography included lateral aortography and catheterization of superior mesenteric artery (SMA).
Treatment options were determined according to the type of mesenteric ischemia in most of the situations. But if any peritoneal signs at any time during evaluation appeared in any patient, urgent exploratory laparoscopy or laparotomy without delay was the only choice of our treatment. If any uncertainties about bowel viability were assessed, it is safer to perform a laparotomy to check for bowel viability in patients with signs of peritonitis and rebound tenderness. Standard surgical therapy for AMI involved resection of irreparably damaged bowel and reestablishment of mesenteric blood flow through embolectomy, or thrombectomy, endarterectomy or with antegrade percutaneous stenting.
For patients who had findings of trombosis on angiography, without peritoneal signs, selective mesenteric angiography and local thrombolytic therapy (LTT) were initiated immediately as another treatment option. LTT was initiated with recombinant plasminogen activator (rt-PA, ActilyseW, Boehringer Ingelheim GmbH) of 5 mg bolus, followed by 1 mg/h maintenance. After 24 h of treatment, another angiography was performed and the catheter was withdrawn.
The primary treatment for NOMI was medical, with extensive critical care support and prompt arteriography. When we determined NOMI at the angiography, we catheterized the SMA and started intra-arterial infusion of papaverine at 30-60 mg/hour via the angiography catheter. Also volume resuscitation, broad-spectrum antibiotics, and anticoagulants were used for adjuvant therapy. Initial anticoagulation with heparin was the treatment of choice in patients without peritoneal signs. When these patients developed peritoneal signs during admission, surgical exploration was undertaken to assess bowel viability. If necrotic bowel segments were found, intestinal resection with anastomosis or enterostomies was performed, and a second look procedure was planned after 24 h.
The study protocol was approved by the institutional ethics committee. No image of an individual patient is accompanied. Written informed consent was not obtained from the patients for publication of this report or any accompanying images, since we report a large population and not an individual patient. No image of an individual patient is accompanied.
Statistical Analysis.
Statistical analyses were performed using MedCalc version 12.7.1 (Licensed to MedcalcTurkey 041021151133). Absolute number and percentages of categorical variables and medians, averages, and standard deviations of continuous variables were determined. Mann-Whitney -test and Wilcoxon test were used where appropriate. A probability level of less than 0.05 was considered significant.
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Results
When we investigated the preoperative datas, fifty-two patients, including 33 (65%) men and 19 (35%) women, were diagnosed as having intestinal ischemia during the study period. 100 (67%) patients were men and 50 (33%) were women in the control group. Body mass index (BMI) was 26.1 ± 4.5 kg/m 2 in the control group and 25.3 ± 2.7 kg/m 2 in the AMI group. Preoperative clinical characteristic data between patients with and without intestinal ischemia are compared in Table 1 . No significant difference was obtained for gender, BMI, hypertension, hyperlipidemia, chronic obstructive pulmonary disease, and atrial fibrillation between the groups. Age was significantly older in the AMI group than that in the control group (66.2 ± 7.5 years versus 62.1 ± 10.8 years) ( = 0.03). The rate of smokers (65% versus 28%) was found significantly higher ( = 0.02) in the AMI group. The number of patients who needed inotropic support was 23 (45%) versus 5 (3%) ( < 0.001), and the rate of patients with LVEF <30 (34% versus 9%) ( = 0.002) was significantly higher in the AMI group. Patients in the AMI group also had significantly higher incidence of NYHA 4 ( = 0.006), PVD ( = 0.04), renal insufficiency ( = 0.004), and cardiogenic shock ( = 0.003) than the control group (see Table 1 ).
Thirty-five (67%) of the patients died within 30 days due to the complications. Physical examination revealed positive peritonitis signs in 35 (67%) of the patients, while there were no peritonitis signs in 17 (33%) of the patients.
When we investigated the intra-and postoperative results, CPB time was 121.7 ± 26.9 minutes in the AMI group and 90.3 ± 16.5 minutes in the control group, significantly longer ( < 0.001) in the AMI group. Patients in the AMI group also had significantly higher duration of ventilator times ( < 0.001) than those in and the control group. Dialysis due to renal insufficiency ( = 0.04), inotropic support ( = 0.007), and IABP support ( = 0.007) appeared significantly higher in the AMI group than the control group (Table 2) .
Abdominal X-ray and abdominal ultrasonography were performed in all patients. All showed signs of paralysis with dilation of the intestines. CT was performed in 21 (40%) cases (Figure 1 ). Mesenteric angiography was performed in 35 (67%) patients, and CTA was performed in 7 (13%) out of 52 patients. Ten (19%) patients directly underwent necrotic bowel resection (Figure 2 ). Five (9%) patients underwent thromboembolectomy. LTT was performed in 5 (9%) patients. In 3 (6%) patients after SMA, stenting LTT was initiated for 24 hours (Figure 3(a) ). After 24 hours, a control angiography was performed and revealed recanalization of SMA (Figure 3(b) ). There were no signs of peritoneal irritation in these patients; therefore, second-look laparoscopy was not planned.
NOMI was detected in 25 (48%) patients, and 16 (31%) of them had no peritoneal signs in the beginning. Peritoneal signs became positive during the medical treatment in 4 of 16 NOMI patients. The NOMI patients presented with 4 The Scientific World Journal peritoneal signs underwent laparoscopy and subsequently laparotomy when positive findings for possible bowel necrosis were revealed during laparoscopy. Patients who had low-flow state without bowel necrosis during the evaluation did not undergo bowel resection. In these patients, a second-look laparotomy was associated with partial bowel resection if findings for possible bowel necrosis were revealed. The applied interventions, the number of patients, and mortality are presented in Table 3 .
Among preoperative parameters, age ( = 0.03), renal insufficiency ( = 0.004), preoperative inotropic treatment >24 h ( < 0.001), smoking ( = 0.02), emergency cardiac surgery ( = 0.01), PVD ( = 0.04), LVEF <30 ( = 0.002), cardiogenic shock ( = 0.003), NYHA ( = 0.006), and IABP support ( = 0.05) were found to be significantly higher in the AMI group (Table 1) .
When we investigate the intra-and postoperative values, CPB time ( < 0.001), renal insufficiency ( < 0.001), the need for dialysis ( = 0.04), IABP support ( = 0.007), prolonged ventilator time ( < 0.001), inotropic treatment >24 h ( = 0.007), and cardiac infarction ( = 0.03) were found significantly higher in the AMI group (see Table 2 ).
Discussion
In the present study we investigated retrospectively the patients who had developed AMI following CPB.
We found the incidence of 0.86% for AMI in our patient population, and in this group the mortality rate was 67%. We observed the similar rates when compared with the studies previously presented by the other authors [13, 15] . Risk factors were identified that can aid in the diagnosis. To reduce the delay in diagnosis and allow effective use of all therapeutic options, a high index of suspicion for intestinal ischemia after cardiac surgery is warranted, in order to reduce mortality. In particular, in a patient with a septic condition early after surgery, this diagnosis must always be considered.
The clinical signs and biochemical or hematological markers of AMI are nonspecific. Even at the time when ischemia is confirmed at laparotomy, elevation of serum lactate, amylase, creatine kinase, and C-reactive protein (CRP), The Scientific World Journal as well as leucocytes, may be absent. At present, no laboratory test is available for accurately establishing or eliminating the diagnosis [17] . Direct abdominal radiographs are of little help in the diagnosis of mesenteric ischemia. The presence of dilated loops is nonspecific, and thickened bowel loops, "groundglass" appearance suggesting ascites, or "thumbprinting" caused by submucosal edema or hemorrhage is seen in less than 40% of patients [18] . Doppler sonography is useful in diagnosing chronic mesenteric arterial occlusive disease but has limited role in AMI. By the help of color doppler sonography, the flow velocities and resistance index in the splanchnic arteries and end-organ vascularity can be evaluated as well [19] . We performed color doppler sonography on every patient who had suspicion of AMI. Also abdominal CT has poor sensitivity and specificity in the diagnosis of most types of AMI. With the help of CT, nonspecific findings like thickened bowel walls, intramural hematoma, dilated fluid-filled bowel loops, engorgement of mesenteric vessels, pneumatosis, mesenteric or portal venous gas, infarction of other viscera, and arterial or venous thrombus can be seen [20] . We performed abdominal CT in 21 (40%) patients who had nonspecific clinical signs of AMI.
Multidetector CT angiography represents a fast and accurate investigation tool for the diagnosis of AMI [21] . In most cases, it can be used as the sole diagnostic procedure. This method provides direct visualization of the mesenteric vasculature, intestines, and mesentery, but when compared with conventional angiography, the disadvantage is the lack of therapeutic option. In our patients, we preferred to use CTA as a first diagnostic step in 7 (13%) patients.
Angiography is the gold standard diagnostic test in acute mesenteric artery occlusion by providing both anatomical visualization of the vessels and therapeutic options (possibility of intravascular administration of vasodilators and thrombolytics) [22] .
Mesenteric angiography can usually differentiate embolic from thrombotic arterial occlusions. NOMI characteristically shows narrowing and multiple irregularities of the major SMA tributaries, the "string of sausages" sign at the angiography. Venous occlusion and NOMI may show contrast material refluxing back into the aorta on selective SMA angiography.
Klotz et al. demonstrated that the indication for selective mesenteric angiography is established if at least one of four possible indications for mesenteric ischemia is present: (i) no defecation for more than 3 days after surgery, despite maximal laxative treatment, (ii) severe abdominal bloating with a considerably distended belly, (iii) clinical and radiologic signs of paralytic ileus, or (iv) borderline or elevated serum lactate [15] .
We used the same indications as Klotz et al. in our daily practice for selective mesenteric angiography.
Patients with intestinal ischemia after cardiac surgery often have vague and nonspecific symptoms. Abdominal pain is the primary symptom and other symptoms, are present inconstantly including nausea, vomiting, and diarrhea [23] . Physical examination is unremarkable unless peritonitis has developed. During the late stages, abdominal distension and guarding, as well as systemic complications, may be encountered. The most common laboratory abnormalities are unexplained metabolic acidosis with elevation of lactate level and high anion gap, hemoconcentration, and leukocytosis [24] .
When a diagnosis of AMI is made, treatment should be initiated without delay. After volume resuscitation, broadspectrum antibiotics, vasodilators, and intravenous heparin at therapeutic doses should be initiated as early as possible [25] . Although surgical revascularization is the standard procedure, embolectomy, thrombectomy, and endarterectomy, as well as endovascular techniques such as balloon angioplasty, antegrade percutaneous stenting, thrombolysis, and percutaneous thrombus extraction, can all be used to restore luminal visceral blood flow with good short-term outcome [26] [27] [28] .
If the patient develops signs of bowel infarction such as peritonitis, worsening sepsis, or metabolic acidosis during treatment, laparotomy is indicated. In our study group, there were 10 patients who had high index of suspicion of AMI, directly taken to the operation because of the acute onset of peritoneal signs positivity.
Safioleas et al. reported that in patients with arterial occlusive AMI, when sufficient bowel is potentially viable, revascularization prior to resection of the infarcted bowel may improve the survival [29] . Urgent exploratory laparotomy or laparoscopy is the key to successful management. However, early laparotomies do not necessarily mean survival in cases of extensive ischemia [9] . The Scientific World Journal In NOMI, diffuse vasospasm of the mesenteric and other visceral arteries occurs as a result of a sustained hypoperfusion state [30] . No vascular occlusion is usually demonstrated because pulsatile blood flow is present in larger arteries.
We had 25 (48%) angiographically proven NOMI cases, which was similar to values previously presented after the CPB [9, 10] . Angiographically proven NOMI can be treated with intra-arterial infusion of tolazoline, papaverine, or prostaglandin E2, after the selective intra-arterial catheterization of the SMA [31] . We used papaverine infusion for 24-48 hours at our clinic practice. Even if bowel resection is required, we continued papaverine infusion postoperatively to guard against persistence of vasospasm which may lead to further bowel ischemia and infarction.
Previous studies have identified age >70 years, severe heart failure, cardiogenic shock, and chronic renal insufficiency as important preoperative risk factors for the development of mesenteric ischemia [13, 24] . In the present study, on investigating our values, we found that most of the results were in compliance with previous studies. In a recent study, Nilsson et al. found that advanced age was not a risk factor for AMI, but we found older age significantly higher in our AMI group than the control group [32] . The preoperative inotropic support was found to be more common in patients with AMI but was not pointed out as a risk factor at previous studies.
The other remarkable postoperative factors described in the literature are hypovolemic shock, cardiogenic shock, administration of -adrenergic drugs, underlying atherosclerotic disease, and the use of an IABP [31, 32] .
Vasopressor treatment is necessary in cardiac patients before, during, and after operations involving CPB [33] . Treatment with -adrenergic catecholamines like norepinephrine and high doses of dopamine may lead to an increased incidence of NOMI after CPB [34] . These changes may be due to constriction of the intestinal mucosal arterioles as a consequence of -adrenoceptor stimulation. In addition, norepinephrine simulates in a dose-dependent mannerreceptors, which has been shown to increase intestinal oxygen consumption [35] . In the present study, nearly half of the patients before the operation and 85% of the patients in postoperative period were treated with inotropes at the AMI group. These rates were significantly higher than the control group.
IABP implantation after cardiac surgery is a commonly used form of circulatory support for patients with postoperative low cardiac output syndrome. Despite improving coronary perfusion and reducing left ventricular afterload, IABP use is known as a risk factor for the development of lethal mesenteric ischemia [36] . The malposition of the IABP balloon is probably the factor initiating in compromised visceral blood flow. In a recent study, the authors found a malposition of the IABP balloon with consecutive visceral artery compromises in up to 97% of the patients, and laparotomy for mesenteric ischemia was required in 23.8% [37] . Therefore after insertion of the IABP, the position was immediately confirmed by chest X-ray film. We determined a malposition of the IABP balloon during angiography only in 2 patients (4%), which was then corrected. Rather than malposition, the number of patients whose IABP was inserted was significantly higher than that of the control group in our AMI group. According to our results, even if IABP is correctly positioned, IABP balloon may aggravate a state of intestinal hypoperfusion.
The mortality rate among patients with acute mesenteric ischemia remains high. Schoots et al. in a recent study reported an overall mortality rate of almost 95% for nonsurgically treated patients compared to approximately 57% for surgically treated patients [6] . In our study, thirty five (67%) of the patients died within 30 days due to the complications. Unlike their results, our mortality rate was 64% (9/14) for medically treated group and 68% (26/38) for both surgically and medically treated group.
Conclusions
Acute mesenteric ischemia is a challenging clinical problem with various causes, which often results in delayed diagnosis and treatment. We consider that, regardless of the results of the diagnostic tests, immediate mesenteric angiography and aggressive appropriate early treatment are more successful than conservative management of these patients. Therefore, these procedures should be initiated as early as possible in any patient suspected of having mesenteric ischemia, leading to dramatic reduction in the mortality rate.
Poor preoperative cardiac condition, renal insufficiency, peripheral vascular disease, urgent cardiopulmonary bypass, and IABP support were to be the independent prognostic factors for the development of this complication. 
